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What causes the GeV emission ?
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• Synchrotron emission in the forward shock ? 
ü Ghisellini+2010, Kumar+2010

• Inverse Compton (IC) emission in the internal shock ? 
ü Razzaque+ 2004

• IC emission in the reverse shock ? 
ü Granot & Guetta 2003

• Hadronic emission ? 
ü Dermer+ 2003

can easily explain both
• the delayed emission
• the extended emission



GRB 170405A: Prompt emission

• Simultaneous 
detection w/ Swift

• z = 3.51
(GCN #20990)
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Spectrum
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Extended emission/Afterglow
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LAT

X-ray

α = -1.1

α = -1.8 à -1.1 à -1.9

α = -1.7
Optical

Preliminary



Spectral Energy Distribution
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At least, the spectral 
behavior cannot be 
explained by the single 
component. Preliminary



Background
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Preliminary

Bulk Lorentz factor from opacity
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From the pair production opacity
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Optical onset from the forward 
shock scenario

• EFS = 3 x 1054 η-1 erg 
• nISM = 1 cm-3

• z = 3.51
If Γ� 370, tonset�200 s.
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• Optical flux @ 200 s (Sari+98)
Fν� 50 mJy for adiabatic jet with εe= εB= 0.01 

�100 mJy

à Optical emission originates from the forward shock

Preliminary



Physical Origin

11Not FS !

Ghisellini+2010, Kumar+2010
Start of the FS emission

�200 s

Preliminary



Physical Origin

12Not FS !

Ghisellini+2010, Kumar+2010
Start of the FS emission

�200 s

GRB170405A counters that the
temporally extended GeV emission
originates from the synchrotron
emission of the forward shock !!

Preliminary



Summary

• Optical-X-ray-GeV observation for GRB170405A shows
üDifferent time onsets in the optical and GeV bands
üHigh-energy cutoff appears in the prompt phase
üΓmax is  �370, which can reasonably explain the optical onset, 

which is caused by the external forward shock
üDelayed GeV emission is not likely to be the external 

forward shock

• Multi-wavelength observation is a key to understanding 
the emission mechanism of GeV emission
üAfter Fermi10, we need to be more active for multi-

wavelength campaign.
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